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Introduction
The analysis of the traffic flow and problems of the traffic control becomes more pressing last years. Deterministic (hydrodynamic) models, that do not take into account some substantial factors as availability of several lanes, the different characteristics of traffic participants and so on, parallel with stochastic models are considered. In stochastic models the road is treated as a set of cells that proportional to the dynamic distance and a discrete time unit. The traffic flow velocity consists of the deterministic component connected with dynamic distance and a stochastic component that individual behavior into account. So it has been studied the particles of different types movement on a set of cells. The dimension of this set is N × m, N >> 1, m > 1.
The discrete model of traffic flow on a one-lane road has been considered in [1, 2] . The road is represented by a set of subsequent cells. In each cell there is one or no particle (vehicle). The transitions of particles are possible only at discrete time units n∆. Suppose that a cell is occupied by a particle and the cell following ahead is vacant. Then with probability depending on the particle type (vehicle velocity) transition of the particle forwards to the following cell occurs. The steady characteristics of the considered system have been investigated. The multilane simulation models have been considered in [3] . The analysis of traffic flow characteristics on the basis of simulation has been presented in [4, 5] . Traffic flow mathematical models have been investigated in [6, 7] . A deterministic model has been investigated in [6] . It has been considered a stochastic model in terms of the queuing theory in [7] .
A two-lane traffic flow discrete stochastic model, that is a generalisation of the models, considered in [1, 2] , has been developed in [8] . In this model a road is represented by two closed sequences of cells (lanes). The transitions of particles are possible only at discrete time units n∆. If the cell following ahead is busy and the two adjancent cells are empty then with the appropriate probability the particle is rebuilt in adjacent lane with propulsion. In [8] the approximate method has been elaborated for evaluation of the steady state probabilities of considered system fragments and such characteristics as the particle flow rate (traffic flow rate) and the changes of lane rate. The exactness of proposed approximations has been estimated by means of simulation modelling.
In the present paper the model is investigated which differs from the model considered in [8] by that in this model transitions of particles occur at arbitrary instants with an assigned intensity.
There are two types of particles characterized by the intensity of particle transitions. Thus the model takes into account the availability in the traffic flow of "fast" and "slow" vehicles.
The continuous time model is the limit case of the discrete time model when ∆ → 0 and accordingly the transition probabilities p → 0.
The method used for calculation of the studied characteristics is similar to the method proposed in [8] . It is proved that the continuous time model allows to deal with less complicated calculations than the appropriate discrete time model. It is explained by that in a continuous time model every change of states of a cells set is realized by a transition of the only particle.
Model description
Suppose that there are N × 2 cells. Two indexes correspond to each cell. The value of the first index can be equal to 1, 2, . . . , N and the second index (lane index) can be equal 1 or 2. So the pair of numbers (i, j), i = 1, 2, . . . , N, j = 1, 2, corresponds to the cell. There are M 1 particles of the first type and M 2 particles of the second type. At each instant each particle occupies one cell and no cell contains more than one particle.
Suppose that the value of the first index, which equal to N +1, is identified with 1 and the second index, which is equal to j + 1, is identified with 1 when j = 2.
The particle movement is submitted to the next rules. If at time t a particle of the kth type (k = 1, 2) occupies the cell (i, j) and the cell (i + 1, j) is vacant then during the time interval (t, t + ∆) with probability µ k ∆ + o(∆), ∆ → 0, the particle passes from the cell (i, j) to the cell (i + 1, j) (i.e. the particle move forward remaining in the same lane). If the particle of the kth type occupies the cell (i, j), the cell (i+1, j) is busy, and the cells (i, j + 1), (i + 1, j + 1) are empty then during the time interval (t, t + ∆) with probability µ k ∆ + o(∆) the particle moves to the cell (i + 1, j + 1), i.e. moves forward with change of lane. In the other cases the particle is not replaced. The probability of two or more transitions during the time interval is the infinitesimal of higher oder than ∆.
Evaluation of the steady state probabilities
Let us consider the four cells with the first index, which is equal to 1 and 2. For approximate calculation of the steady states of the four cells we use method similar to the method which has been elaborated in [8] .
The mean idea of the approximated method is that the considered four cells are described by a Markov process with discrete set of state and continuous time. The transition intensity for each pair of the process is calculated provided that in every cell, adjancent to the four cells, ((N, 1), (N, 2), (3, 1), (3, 2) ) with probability ρ 1 = m 1 /(2N ), that is independent on the other cells states, there is a particle of the first type, with the probability ρ 2 = m 2 /(2N ) the cell is occupied by a particle of the second type and with probability 1 − ρ (ρ = ρ 1 + ρ 2 ) the cell is empty.
Taking into account that the configurations of particles, symmetrical respecting to line between the lanes, are characterized by just the same probabilities, we compound them to one state. There are 45 different states of the four cells shown in fig. 1 . Suppose that equality θ(i, j) = k, k = 1, 2, means that the cell (i, j) contains the particle of the kth type. The equality θ(i, j) = 0 means that the particle (i, j) is empty. Then, for example, the states E 1 and E 2 are described as
Let P i (t) be the probability that at time the state of the four cells is E i . The considered Markov process satisfies the condi- tions of the ergodicity [9] . So the steady state probabilities p i exist, p i = lim t→∞ P i (t). Our assumptions allow to obtain the equations for the steadystate probabilities by the standard manner [9] . For example the equations corresponding to the states E 1 and E 2 are
(2) The system for steady-states probabilities consists of the 45 equations, corresponding to 45 system states, and the normal-izing equation
Macro-characteristics of flow
According to the Markov processes theory each equations for the appropriate state is a consequence of the other ones. The system of the 45 equations and the normalizing equation has the only solution p i , i = 1, . . . , 4. This solution yields the approximate values of the steady state probabilities of the four cells.
As it has been mentioned above the density ρ k of the flow of particles of the kth type flow satisfies the relations (4) and (5) are true.
Let ρ k be the value of ρ k which satisfies the relations (4) and (5) (6) Similarly we obtain the relations 
Let q k , h k (k = 1, 2) be values of q k and h k , which are obtained if in equations (6)-(9) p i substitutes for p i .
If µ 1 > µ 2 thenq 1 is some greater than the value q 1 obtained by simulation and in contrastq 2 is some smaller then the value q 2 obtained by simulation. As it be shown below the difference between the calculated approximate values and data obtained by simulation is smaller if valuesq k ,h k determined by means of the correcting coefficient substitute for values q k , h k
Let us explain why the correcting coefficient improves he approximation. Let the ratio of the mean number of transitions of particles of the kth type to number of the particles of this type be called the velocity of the particles of the kth type. Let the velocity of particles of the kth type be v k . Then
Because of the relation q k = 2ρ k ·v k the obtained approximate value of the particles of the kth type differs from the exact value by the coefficientq 2 /ρ. Coefficient ρ/q 2 compensates the error. Supposev
Approximations by means of Bernoulli scheme
Let us consider another manner of evaluation of the steady-state probabilities and the macro-characteristics that is more simple than the manner described above. Assume that the probability of the state of each cell is independent of the states of other cells, and the cells with probability ρ 1 contains a particle of the first type, with probability ρ 2 contains a particle of the second type and with probability 1 − ρ the cell is empty.
) be values of the appropriate characteristics that are obtained when these assumptions are used. The calculated values of macro-characteristics are represented in table 2.
Analysis of approximation accuracy
Let us compare the valuesq k ,ṽ k ,h k ,q k ,v k ,h k ,q k ,v k ,ĥ k with the values obtained by simulation. Table 2 : Macro-characteristics (the error that is relative to values obtained by simulation In the other cases the approximate values calculated according to formulas (10), (11), (14) are also nearer to value obtained by simulation than the values calculated by the two others manners, or in some cases the formulas (10), (11), (14) yields approximation only few worse.
In each the three cases the value ofq 2 (ṽ 2 ) difference the values Usually the relative error is the better the smaller is the ratio of µ 1 to µ 2 (µ 1 > µ 2 ).
The valuesp 1 ,p 2 , . . . ,p 45 that satisfies the system of linear equations usually differs from the values obtained simulation less than values calculated by means of Bernoulli scheme.
The analysis of calculation for the cases ρ 1 = 0.54, ρ 2 = 0.06, and ρ 2 = 0.06, ρ 1 = 0.72, also shows that meaningṽ k ,q k ,h k , are usually more close differs from the values obtained by simulation less than valuesv k ,q k ,h k ,v k ,q k ,ĥ k . 
Analysis of results of calculations of macro-characteristics
If Bernoulli scheme approximation is used then calculated values of macro-characteristics are proportional to the particle transitions intensity.
On the other hand it is clear intuitively that the fast particles occur more often than slow ones in the states in that their transitions are prevented by other particles. Hence the ratio of velocity (v k ) of particle to its transition intensity (µ k ) for the fast particles is less than for the slow particles. It is confirmed both by simulation and calculations. The difference between v 2 /µ 2 and v 1 /µ 1 is the greater the greater the µ 1 /µ 2 is. Because of that for fixed µ 2 both value v * and valueṽ 1 calculated according to formulas (10), (14) increases slower than linearly if µ 1 increases. But it can be noticed that for the valued obtained by simulation the slowing down of increasing of the velocity of the particle of the first type with increasing of µ 1 is more obvious. It can be noticed also if µ 2 is fixed and µ 1 increases then the valuesv 2 and v * 2 increases slowly and the valuev 2 is constant. For fixed µ 2 and increasing µ 1 the valuesh 1 and h * 1 increase approximately linearly. The ratio ofh k /q k to h * k /q * k for the fast particles is greater than for slow ones (moving forward the fast particles change lane more often than slow particles).
Conclusion
It is presented a model of the traffic flow on two lanes. An approximate manner is elaborated for calculation the steady state probabilities and macro-characteristics of model. The results of calculations by means of the elaborated method are compared with results of simulation. This comparison shows that the presented method yield rather good approximation and describes the qualitative behavior of the considered characteristics.
